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(57) The present invention provides reducing elec- 
troiyzed water which has a pH of 3 to 12 and an oxida- 
tion-reduction potential of up to -200 mV, preferably a 
pH of 5 to 1 1 and an oxidation-reduction potential of up 
to -500 mV, and in which the common logarithm of the 
product of the hydrogen ion concentration [W] and the 
electron concentration [el is at least -4.5, preferably at 
least 0. The reducing electrolyzed water is used as 
potable water, agricultural fertilizers, drip solutions and 
other injections, dialysis solutions and face lotion, and 
particularly shows significant medical effects. 
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Description 

FIELD QF THE INVENTION 

5 The present invention relates to reducing electrolyzed water obtained by electrolysing subject water, and potable 
water, agricultural fertilizers, drip solutions and other injections, dialysis solutions and face lotion which contain the 
reducing electrolyzed water as their main component, and a method for producing these materials. 

PACKOROUNP OF THE INVENTION 

10 

ft has heretofore been reported that use of electrolyzed alkaline water derived by electrolyzing subject water pro- 
duces the medical effects that extraordinary zymosis and indigestion in the stomach and intestines, diarrhea and gastric 
hyperacidity are suppressed. The medical effects have been considered to be produced principally by such mineral 
components contained in electrolyzed alkaline water and present as cations as calcium, sodium, magnesium and 
is potassium. 

Electrolyzed alkaline water used for obtaining such medical effects is exclusively defined only by metal ions contained 
therein and the pH, and is produced by electrolyzing subject water to which calcium, and the like are added until the pH 
reaches about 9. 

However, as a result of carrying out investigations, the present inventors have found that disease is mainly caused by 
20 the damage of biomolecuies within an organism resulting from oxidation of the biomolecules with active oxygen formed 
therewithin. 

PISO-QSURE OF THE INVENTION 

25 The present inventors have paid aueniion to that such active oxygen can be reduced with hydrogen to form non- 
toxic water, and found that electrolytic water having higher medical effects can be obtained if the reaction can be pro- 
moted. The present invention has thus been achieved. 

Furthermore, since such electrolyzed water has been incapable of being produced by conventional methods, the 
present inventors have intensively carried out research while paying attention to the reduction reaction rate. As a result, 
30 they have discovered that reducing electrolyzed water can be easily formed by selecting and suitably adding some 
reducing agents and some metal ions, and achieved the present invention. 

That is, an object of the present invention is to provide harmless water excellent in reducing capability and a 
method for producing the same. 

In order to achieve the object as mentioned above, the reducing electrolyzed water of the present invention has a O 
35 pH of 3 to 1 2 and an oxidation-reduction potential of up to -200 mV, preferably a pH of 5 to 1 1 and an oxidation-reduction v 
potential of up to -500 mV. 

In the present invention, the common logarithm of the product of the hydrogen ion concentration [H+] and the elec- 
tron concentration [el is preferably at least -4.5, more preferably at least 0. 

As a result of supporting a life by conducting metabolism which utilizes oxygen, an organism forms active oxygen 
40 therewithin. The active oxygen has extremely strong oxidizing capability, and oxidizes genes and cells forming the 
organism. The oxidation is considered to be one cause of disease. The reducing electrolyzed water of the present 
invention has a significantly high extinction activity for active oxygen, and acts to stabilize active oxygen by accepting 
active oxygen within the organism. 

Furthermore, the reducing electrolyzed water of the present invention can maintain its characteristics for a long 

~*5 period of time, and is excellent in preseivabi l ity. Tt i at is. since t he leduu i ny eleu ti olyzed water of the present-invention 

obtained by electrolyzing water containing a reducing agent and/or metal ions contains a reducing agent the reducing 
capability of the reducing agent makes the reducing electrolyzed water preserve dissolved oxygen in a trace amount 
even when the water is exposed to an oxygen environment. Moreover, the reducing electrolyzed water can maintain its 
oxidation-reduction potential which has become low at a low one for a long period of time, by the action of the metal 
so ions. Accordingly, the reducing electrolyzed water is excellent in preservability. 

Furthermore, since the reducing electrolyzed water of the present invention has a pH of 3 to 12, preferably a pH of 
5 to 11, namely a large hydrogen ion concentration in spite of its markedly low oxidation-reduction potential, it has 
strong reducing capability, and has the property that it tends to react with active oxygen within an organism. 
Active oxygen (V is reduced by the following reactions to form water: 

55 

0 2 " + (H + + e-)^H0 2 - 
HOfc +H + -*H20 2 H 2 02->2(* OH) 
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• OH + (H + +e-)->H 2 0 

Accordingly; the chemical equilibria are moved more toward the formation of water H 2 0 when the hydrogen ion 
concentration [H*] and the electron concentration [el are each larger and the product of both concentrations are larger. 
5 The hydrogen ion concentration and the electron concentration are expressed as follows: 

hydrogen ion concentration [H 4 ] = 10"*^. and 

electron concentration [el = iof ORP/D05917 ). 

10 

It can, therefore, be said that when the hydrogen ion concentration [H 4 ] and the electron concentration [e*] are each 
larger and the product of both concentrations are larger, that is, when the common logarithm of the product is larger, 
the active oxygen is converted into water more. Since the reducing electrolyzed water of the present invention shows 
the common logarithm of the product of a hydrogen ion concentration [H+] and an electron concentration [e~] of at least 

is -4.5, preferably at least 0, it can decrease the active oxygen content. 

It is most preferred in the present invention that the dissolved oxygen content be as close to 0 ppm as possible and 
that the oxidation-reduction potential be as low as possible because inhibition of oxidation by active oxygen within an 
organism as mentioned above can be expected most 

For reasons as described below, the reducing electrolyzed water of the present invention having such properties is 

20 particularly preferably used as the main component of potable water, alcoholic beverages, soft drinks, fruit beverages, 
fermented lactic drinks, etc., or as drip solutions or other injections, dialysis solutions and toilet water. Use of the reduc- 
ing electrolyzed water is expected to produce the medical effects that the content of active oxygen which is a byproduct 
of metabolism utilizing oxygen within an organism can be decreased, and that oxidation of genes and cells can be inhib- 
ited. 

25 Furthermore, the reducing electrolyzed water of the present invention is preferably used for agricultural chemicals 
and agricultural fertilizers other than potable water and injections. Since nitrate nitrogen is used for conventional agri- 
cultural fertilizers, field crops contain a large amount of nitrous acid. Since vitamin C decreases in the field crops in 
inverse proportion to an increase in nitrous acid, the field crops have poor reducing capability. Moreover, when nitrous 
acid is taken in an organism, it combines with an amine to form a harmful amine nitrite (nitrosoamine). Accordingly, use 

so of the reducing electrolyzed water of the present invention for agricultural chemicals and agricultural fertilizers prevents 
a decrease in the reducing capability and formation of harmful materials. 

The reducing electrolyzed water of the present invention can be produced by electrolyzing water containing a 
reducing agent. Moreover, it can be produced by electrolyzing water and then adding a reducing agent. Furthermore, it 
can be produced by electrolyzing water containing a reducing agent and adding further a reducing agent Still further- 

35 more, it can be produced by electrolyzing water containing a reducing agent and metal ions. Moreover, it can be pro- 
duced by electrolyzing water containing a reducing agent and metal ions and adding further metal ions. Furthermore, it 
can be produced by electrolyzing water and then adding a reducing agent and metal ions. Moreover, it can be produced 
by electrolyzing water containing a reducing agent and metal ions, and adding further a reducing agent Furthermore, 
it can be produced by electrolyzing water containing a reducing agent and adding further a reducing agent and metal 

40 ions. Still furthermore, it can be produced by electrolyzing water containing a reducing agent and metal ions and then 
adding further a reducing agent and metal ions. 

It is particularly preferred that the reducing electrolyzed water of the present invention be produced by electrolyzing 
water containing a reducing agent and metal ions to form electrolyzed alkaline water having a pH of 9 to 12, an oxida- 
tion-reduction potential of up to -600 mV and a dissolved oxygen content of up to 3 ppm, and adding a reducing agent 

~*5 to the electrolyzed alkaline water. 

Furthermore, it is preferred that the reducing electrolyzed water of the present invention be produced by electrolyz- 
ing water containing a reducing agent and metal ions to form electrolyzed alkaline water having a pH of 9 to 1 2, an oxi- 
dation-reduction potential of up to -600 mV and a dissolved oxygen content of up to 3 ppm, and then further 
electrolyzing the electrolyzed alkaline water. 

50 The reducing agent used in the method for producing the reducing electrolyzed water of the present invention 
includes a mixture having a g-lactone structure (a cyclic ester obtained by ring closure through cyciodehydration of a 
carboxyiic add and a hydroxy! group within the molecule) and an OH group, or a saccharide having a five- or six-mem- 
bered ring containing oxygen and at least one OH group. Examples of the reducing agent include saccharides such as 
vitamin C, glucose, fructose and lactose, and erythorbic acid fisoascorbic acid). 

55 Furthermore, examples of the reducing agent of the present invention other than the reducing agents mentioned 
above include axalacetic acid, vitamin E, EDTA (ethylene-diaminetetraacetic acid) and isopropyi citrate. 

Examples of the metal ions used in the method for producing the reducing electrolyzed water of the present inven- 
tion are all the metal ions. Of the metal ions, particularly preferred examples are sodium ions, potassium ions, calcium 
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ions and magnesium ions. 

Preferred examples of the source water to be electroiyzed include ultrapure water, pure water, purified water and 
distilled water. However, various types of service water may also be used. 

When the reducing electroiyzed water of the present invention thus produced is allowed to stand for a long period 
5 of time, the oxidation-reduction potential may sometimes increase from -200 to about 0 mV. However, the reducing elec- 
trolysed water having an oxidation-reduction potential of up to -200 mV is restored by adding an aqueous solution of a 
hydroxide such as lithium hydroxide, sodium hydroxide, potassium hydroxide, rubidium hydroxide, cesium hydroxide 
and calcium hydroxide. 

io P R I EF PESCRIP T1 0N QF THE PRAWINQ S 

Fig. 1 is a cross-sectional view showing an apparatus for producing electrolytic water used in examples of the 
present invention. 

Fig. 2 is a cross-sectional view showing an apparatus for producing electrolytic water used in examples of the 
75 present invention. 

PREFERRED EMBODIMENT OF THE PRESENT INVENTION 

An example of the present invention will be explained by making reference to drawings. 

20 

Example 1 

As shown in Fig. 1 , in the present example, a diaphragm 4 was arranged in the central portion of an electrolyzer 1 
(100 mm wide, 200 mm long and 100 mm high) having a capacity of 2 liters so that the electrolyzer was compartmented 

25 to form electrolyzer chambers 5, 6 each having a capacity of 1 liter. Moreover, electrode plates 2, 3 were arranged in 
the bath in such a manner that one of the principal surface of the electrode plate 2 and one of the principal surface of 
the electrode plate 3 faced each other, and that a distance L between the electrode plates 2, 3 became 4 mm. Two plat- 
inum-plated titanium plates each having a length of 1 14 mm and a width of 74 mm were used as the electrode plates 
2, 3 provided in the electrolyzer 1 . 

30 In the present example, water prepared by adding 0.25 g of vitamin C and from 0.01 to 0.02 g of calcium chloride 
to 2 liters of service water was filled in the electrolyzer 1 . The water was electroiyzed by applying a constant voltage of 
25 V (maximum current: 2.2 A) between both electrode plates 2, 3 for 20 minutes. Measurements were male on the 
electroiyzed alkaline water thus produced, and the water was found to have a pH of 10.69, an oxidation-reduction 
potential (ORP) of -81 3 mV and a dissolved oxygen content (DO) of 1 .47 ppm. 

35 Next, 0.25 g of vitamin C was added to 2 liters of the electrolytic water to give reducing electroiyzed water. The 
same measurements were made on the water, and the results are shown in Table 1 . 

In addition, the pH was measured using a pH meter D-1 3 and a pH sensor #6350-1 0D (trade names, manufactured 
by Horiba Ltd.). The ORP was measured using an ORP meter D13 and an ORP sensor #6860-100 (trade names, man- 
ufactured by Horiba Ltd.). The DO was measured using a DO meter D014-P and a DO sensor OE-2102 (trade names, 

40 manufactured by Toa Electronics Ltd.). 

According to the present example, the ORP and the DO can be made small while a desired pH is being obtained. 
Moreover, when water is to be produced in accordance with the application, a desired reducing electroiyzed water can 
be simply obtained, for example, by producing only one type of water having a pH of 9 to 12 and subsequently adding 
a reducing agent such as vitamin C, without using a specific apparatus after preparation of the one type of water. Fur- 

~*s thermore, when a r educing agent i s ad d ed in a ce r tain r a tio be for e an d aft erelectrolystsrthe-ba tenc e o f th e r e duc i ng 
agent subsequent to the production of the water is improved, and the reducing capability is increased. 

Example 2 

so Using the same apparatus for producing electrolytic water as in Example 1 , water prepared by adding from 0.01 to 
0.02 g of calcium chloride to 2 liters of service water was filled in the electrolyzer 1. The water was electroiyzed by 
applying a constant voltage of 25 V (maximum current: 2.2 A) between both electrode plates 2, 3 for 20 minutes. Meas- 
urements were made on the electroiyzed alkaline water thus produced, and the water was found to have a pH of 1 0.29, 
an ORP of -790 mV and a DO of 1.00 ppm. 

55 Next, 0.5 g of vitamin C was added to 2 liters of the electrolytic water to give reducing electroiyzed water. The same 
measurements were made on the water, and the results are shown in Table 1 . 

According to the present example, the ORP and the DO can be made small while a desired pH is being obtained. 
Moreover, when a highly reactive reducing agent is used, aging of the reducing capability becomes a problem. In the 



4 



EP0889 007A1 



present example, desired reducing electrolyzed water can be obtained by electrotyzing water containing such metal 
ions as formed from calcium chloride and adding the reducing agent at the time of using the reducing electrolyzed 
water. Accordingly, the reducing electrolyzed water is excellent in preserving the reducing capability. 

5 Example 3 

Using the same apparatus for producing electrolytic water as in Example 1, water prepared by adding from 0.01 to 
0.02 g of calcium chloride to 2 liters of service water was filled in the electrolyzer 1. The water was electrolyzed by 
applying a constant voltage of 25 V (maximum current: 2.2 A) between both electrode plates 2, 3 for 20 minutes. Meas- 
urements were made on the electrolyzed alkaline water thus produced, and the water had a pH of 1 1 .02, an ORP of - 
840 mV and a DO of 3.00 ppm 

Next 0.5 g of vitamin C was added to 2 liters of the electrolytic water to give reducing electrolyzed water. The same 
measurements were made on the water, and the water was found to have a pH of 10.05. an ORP of -770 mV and a DO 
of 3.00 ppm. 

Furthermore, 0.5 g of vitamin C was added to 2 liters of the electrolyzed alkaline water to give reducing electrolyzed 
water. The same measurements were made on the water, and the results are shown in Table 1 . 

According to the present example, the ORP and the DO can be made small while a desired pH is being obtained, 
in the same manner as in Example 2. Moreover, when a highly reactive reducing agent is used, aging of the reducing 
capability becomes a problem. In the present example, desired reducing electrolyzed water can be obtained by electro- 
lyzing water containing such metal ions as formed from calcium chloride and adding the reducing agent at the time of 
using the reducing electrolyzed water. Accordingly, the reducing electrolyzed water is excellent in preserving the reduc- 
ing capability. 

Example 4 

Using the same apparatus for producing electrolytic water as in Example 1 , water prepared by adding 1 g of vitamin 
C and from 0.01 to 0.02 g of calcium chloride to 2 liters of service water was filled in the electrolyzer 1 . The water was 
electrolyzed by applying a constant voltage of 25 V (maximum current: 2.2 A) between both electrode plates 2, 3 for 20 
minutes. Measurements of the pH, the ORP and the DO were made on the reducing electrolyzed water thus produced, 
and the results are shown in Table 1 . 

According to the present example, reducing electrolyzed water can be produced most simply. 

Example 5 

Using the same apparatus for producing electrolytic water as in Example 1 , water prepared by adding 1 g of vitamin 
C and 0. 1 g of calcium chloride to 2 liters of service water was filled in the electrolyzer 1 . The water was electrolyzed by 
applying a constant voltage of 12 V (maximum current: 0.5 A) between both electrode plates 2, 3 for 3 hours. Measure- 
ments of the pH, the ORP and the DO were made on the reducing electrolyzed water thus produced, and the results 
are shown in Table 1. 

According to the present example, reducing electrolyzed water can be produced most simply. 
Example 6 

First using the apparatus for producing electrolytic water shown in Fig. 1 , water prepared by adding 0.5 g of vitamin 
~*s — C and 0. 1 g of s odiu m ch lo ri de to 2 li ter s o f su pp ly wa terwasffle d i n th e e lec t ro l y ze r 1 , and el e oti ol y ze d for 4 0 minut es^ 
Measurements were made on the electrolyzed alkaline water thus produced to find that the water had a pH of 10.03. 
an ORP of -850 mV and a DO of 0.42 ppm. 

Next using an apparatus for producing electrolytic water shown in Fig. 2, the electrolyzed alkaline water was elec- 
trolyzed for 10 minutes by applying a constant voltage of 6 V between two electrodes 2, 3. As shown in Fig. 2, in the 
so apparatus for producing electrolytic water, a pair of electrode plates 2, 3 were arranged in a bath 1 (100 mm wide. 200 
mm long and 100 mm high) having a capacity of 2 liters in such a manner that one of the principal surface of the elec- 
trode plate 2 and one of the principal surface of the electrode plate 3 faced each other, and a bag-like cfiaphragm 4 was 
provided so that the diaphragm surrounded only one of the two electrodes (an anode plate). A distance L between the 
electrode plates 2, 3 was 4 mm. Two platinum-plated titanium plate each having a length of 50 mm and a width of 6 mm 
55 were used as the electrode plates 2. 3 provided in the electrolyzer 1. Measurements of the pH, the ORP and the DO 
were made on the reducing electrolyzed water thus formed, and the results are shown in Table 1 . 

According to the present example, the pH can be lowered to about 7 while the ORP is being kept low. Accordingly, 
the reducing electrolyzed water may be used for injections, etc. 
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Comparative Example 1 

As a comparative example of Example 6, electrolyzed alkaline water produced with the apparatus for producing 
electrolytic water shown in Fig. 1 and having a pH of 1 0.03, an ORP of -850 mV and a DO of 0.42 ppm was electrolyzed 
using the same apparatus. Measurements of the pH, the ORP and the DO were made on the electrolytic water on the 
acidic side thus produced, and the results are shown in Table 1. 



Table 1 





PH 


ORP(mV) 


DO(ppm) 


Example 1 


10.02 


-773 


1.11 


Example 2 


9.90 


-766 


1.00 


Example 3 


6.85 


-570 


1.15 


Example 4 


7.17 


-560 


1.54 ; 


Examples 


5.60 


-540 


0.66 


Example 6 


8.89 


-724 


0.43 


Comparative Example 1 


6.31 


+45 


7.56 



Example 7 

Next, using the reducing electrolyzed water of the present invention, the extinction activity for active oxygen within 
an animal body was evaluated. Specifically, a healthy dog was put on a drip of reducing electrolyzed water having a pH 
of 6.50, an ORP of -550 mV and a DO of 1 .0 ppm for 24 hours. Blood plasma samples were obtained before and after 
drip. The extinction activity for 0 2 " in the samples was measured with an ESR. The Wood plasma sample prior to drip 
showed an extinction activity for Og' of 7.8 units/ml, an active oxygen content of 89.20 units/ml and an average value of 
superoxide dismutase (SOD) of 7.953. On the other hand, the blood plasma sample subsequent to drip showed an 
increased value of an extinction activity for 0 2 " of 15.2 un'rts/mi, a decreased value of an active oxygen content of 58.00 
units/ml and an increased value of an average value of SOD of 14.627. That is. it has been confirmed that use of the 
reducing electrolyzed water of the present invention as a drip solution can decrease the active oxygen content within 
an animal body. 

Example 8 

Next, animal test was conducted to confirm the effects of the reducing electrolyzed water on specific disease. 

As a first case, a dog infected with lymphoma was put on a drip of 200 ml of the same reducing electrolyzed water 
as in Example 7. In order to confirm the state of the dog, measurements of the amount of white blood ceils (WBCs) and 
that of platelets (PLTs) which are typical characteristics of the lymphoma were made. The dog infected with lymphoma 
had an amount of WBCs of 55,800/ml and an amount of PLTs of 39,000/rrd before conducting drip. On the other hand, 
the amount of WBCs decreased to 34,500/ml, and the amount of PLTs increased to 1 06,000/ml 1 2 hours after drip. The 
dog restored its appetite, and showed no difference in appearance compared with other healthy dogs. It has thus been 
confn med that use of thei educh i g eleclr o l yzed water as a dri p solu tio n ex er t s s ig ni f i c ant effects o n th e di se ase of l ym - 
phoma. 

Example 9 

As a second case, a dog infected with brachychronic hepatargia was put on a drip of 720 ml of the same reducing 
electrolyzed water as in Example 7, and the amounts of albumin (ALB), alkaline phosphatase (ALP), blood urea nitro- 
gen (BUN), cholesterol (CHOL), creatinine (CREA), phosphoric acid (PHOS), total bilirubins (T-Bil), total protein (TP) 
and globulin (GLOB) which are the typical characteristics of brachychronic hepatargia were measured. The results are 
shown in Table 2. It has thus been confirmed that use of the reducing electrolyzed water of the present invention as a 
drip solution exerts significant effects on the disease of brachychronic hepatargia with regard to all the characteristics 
mentioned above. 
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Table 2 





Prior to drip 


22 hours after drip 


48 hours after drip 


96 hours after drip 


ALB(g/d!) 


3.89 g/dl 


3.01 


2.89 


2.83 


ALP(IV) 


562 IV 


348 


295 


228 


HI IIS |/.„ r. Ir4\\ 

BUN(mg/dl) 


106.5 mg/dl 


26.3 




1 q 

1 .o 


CHOL(mg/dl) 


387.6 mg/dl 


253.6 


239.1 


212.4 


CREA(mg/dl) 


1.63 mg/dl 


0.54 


0.6 


0.46 


PHOS(mg/dl) 


11.74 mg/dl 


3.38 




1.99 


T-Bil(mg/dl) 


1.22 mg/dl 


0.41 






TP(mg/dI) 


8.76 mg/dl 


6.62 


6.56 


6.42 


GLOB(mg/dI) 


4.87 mg/dl 


3.62 


3.67 


3.59 



20 Example 10 

As a third case, a dog infected with steroidal hepatitis was put on a drip of 720 ml of the same reducing electrolyzed 
water as in Example 7 for 72 hours, and the amount of alkaline phosphatase (ALP) which is a typical characteristic of 
the disease was measured. The amount of ALP was 2,171 units/ml before drip, and the amount decreased to the fol- 

25 lowing values: 1 ,293 units/ml 8 hours after drip, 91 2 units/ml 1 6 hours after drip, 739 units/ml 24 hours after drip, and 
621 units/ml 32 hours after drip. It has thus been confirmed that use of the reducing electrolyzed water of the present 
invention as a drip solution exerts significant effects on the disease of steroidal hepatitis. 

It has been confirmed that the reducing electrolyzed water of the present invention has significant medical effects 
when used as a drink, in addition to use as drip solutions in Examples 7 to 10 mentioned above. As an example, 500 

so mice were made to drink the reducing electrolyzed water of the present invention for 500 days. The drink exerted no 
harmful influence on the mice, and the survival rate increased to about 8 times as much with significance. Moreover, 
the number of T cells increased, and the level of aliphatic hydrogen peroxides in the blood serum lowered. Furthermore, 
SOD increased. 

35 Example 11 

It has been confirmed by the present inventors that the ORP of the reducing electrolyzed water of the present inven- 
tion increases when allowed to stand still for a long period of time. However, it has also been confirmed that the ORP 
is recovered to the initial ORP when an aqueous solution containing hydroxide ions are dropwise added. Experiments 
40 related to the potential properties of the reducing electrolyzed water of the present invention were conducted. 

That is, reducing electrolyzed water having a pH of 5.68 and an ORP of -530 mV was produced by the method of 
the present invention described abova The water was placed in a container having an open upper end, and allowed to 
stand still in a room for 20 hours. The pH and the ORP changed to 6.40 and 0 mV, respectively. 

A 1 N NaOH solution was added to 200 ml of the reducing electrolyzed water in an amount of 1 to 200 ml, and the 

is — changes of the pH and th e ORP were me asu red . Th e s ame exp er im e nt w as-fepeate d twic e . Th e re sult s are shown in - 

Table 3. 



Table 3 



55 





Once 


Twice 


1N-NaOH 


pH 


ORP 


PH 


ORP 


1m! 


11.24 


-320mV 


11.07 


-240mV 


2ml 


11.73 


-625mV 


11.49 


-659mV 


3ml 


12.08 


-659mV 


11.73 


-745mV 


4ml 


12.12 


-655mV 


11.89 


-771 mV 
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It has been clearly confirmed from the results of Tables 3 to 6 that although the characteristic values of electrolytic 
water such as the pH and the ORP change when it is allowed to stand still for a long period of time, the reducing elec- 
trolyzed water of the present invention potentially has the extinction activity for active oxygen, and that even when the 
apparent characteristic values change, addition of hydroxide ions. etc. can restore the values. 

5 

Claims 

I . Reducing electrolyzed water having a pH of 3 to 12 and an oxidation-reduction potential of up to -200 mV. 

10 2. The Reducing electrolyzed water according to claim 1 , wherein the common logarithm of the product of the hydro- 
gen ion concentration [H*] and the electron concentration [el is at least -4.5. 

3. A method for producing reducing electrolyzed water comprising a step of: electrolyzing subject water containing a 
reducing agent to give reducing electrolyzed water according to claim 1 or 2. 

75 

4. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water and adding 
a reducing agent to give reducing electrolyzed water according to claim 1 or 2. 

5. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water containing 
20 a reducing agent and adding further a reducing agent to give the reducing electrolyzed water according to claim 1 

or 2. 

6. A method for producing reducing electrolyzed water comprising a step of: electrolyzing subject water containing a 
reducing agent and metal ions to give the reducing electrolyzed water according to claim 1 or 2. 

25 

7. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water containing 
a reducing agent and metal ions and adding further metal ions to give the reducing electrolyzed water aocording to 
claim 1 or 2. 

30 8. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water and adding 
a reducing agent and metal ions to give the reducing electrolyzed water according to claim 1 or 2. 

9. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water containing 
a reducing agent and metal ions and adding further a reducing agent to give the reducing electrolyzed water 

35 according to claim 1 or 2. 

1 0. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water containing 
a reducing agent and adding further a reducing agent and metal ions to give the reducing electrolyzed water 
according to claim 1 or 2. 

40 

I I . A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water containing 
a reducing agent and metal ions and adding further a reducing agent and metal ions to give the reducing electro- 
lyzed water according to claim 1 or 2. 

— 1 2- A method fo r p roduc i ng r educi ng o l c ctro l yz o d wat er compr i sing t h e steps of: e l o ctro l yzing subject-water contain ing- 
a reducing agent and metal ions to produce electrolyzed alkaline water having a pH of 9 to 12 and an oxidation- 
reduction potential of up to -600 mV, and adding a reducing agent to the electrolyzed alkaline water to give the 
reducing electrolyzed water according to claim 1 or 2. 

so 1 3. A method for producing reducing electrolyzed water comprising the steps of: electrolyzing subject water containing 
a reducing agent and metal ions to produce electrolyzed alkaline water having apHof9to12andan oxidation- 
reduction potential of up to -600 mV, and electrolyzing further the electrolyzed alkaline water to give the reducing 
electrolyzed water according to claim 1 or 2. 

55 1 4. A method for producing the reducing electrolyzed water according any one of claims 3 to 1 3, wherein the reducing 
agent is a mixture having a gamma-lactone structure and containing an OH group or a saccharide having a five- or 
six-membered ring and at least one OH group. 
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Table 4 (continued) 



5 



10 



15 





Once 


Twice 


1N-KOH 


pn 


ORP 


pn 


ORP 

Will 


30ml 


12 68 




12 63 




40ml 


12 78 

1 Cm, f O 




19 79 


-AO *ym\f 

^tCijf 1 1 V 


50ml 


12.87 


-415mV 


12.79 


-420mV 


60ml 


12.93 


-380mV 


12.84 


-400mV 


70ml 


13.00 


-350mV 


12.90 


-380mV 


80ml 


13.03 


-342mV 


12.94 


-370mV 


90ml 


13.06 


-320mV 


13.00 


-365mV 


100ml 


13.08 


-310mV 


13.07 


-360mV 


200ml 


13.17 


-290mV 


13.13 


-330mV 



Example 13 

In the same manner as in Example 11, a 1 N Ca(OH) 2 solution in an amount of 1 to 7 ml was added to 200 ml of 
the reducing electrolyzed water which had changed its pH and ORP to 6:40 and 0 mV, respectively when allowed to 
stand still. The changes of the pH and the ORP were measured. The results are shown in Table 5. 



Tables 



35 



1N-Ca(OH) 2 


PH 


ORP 


1ml 


11.25 


-225mV 


2ml 


11.72 


-630mV 


3ml 


11.89 


-670mV 


4ml 


12.00 


-650mV 


5ml 


12.06 


-636mV 


6ml 


12.10 


-620mV 


7ml 


12.12 


-565mV 



<o Comparative Example 2 



As a comparative Examples 1 1 to 13, electrolytic water having a pH of 7.43 and an ORP of -180 mV was allowed 
to stand still in a room for 20 hours. The pH showed no change substantially, and the ORP changed to +250 mV. 
A 1 N NaOH solution in an amount of 1 to 200 ml was subsequently added to 200 ml of the electrolytic water, and 

iredJhe-resuits-afe-shown i n T abled 



Table 6 



so 



1 N-NaOH 


PH 


ORP(mV) 


1ml 


11.3 


+70 


5ml 


12.31 


+60 


10ml 


12.65 


+39 


50ml 


13.13 


+12 


100ml 


13.3 


+20 
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Table 3 (continued) 



5 



10 



15 



20 



25 





Once 


Twice 


1 N-NaOH 


dH 


ORP 


dH 


ORP 


5ml 


12.27 


-628mV 


11.99 


-614mV 


6ml 


12.31 


-599mV 


12.07 


-570mV 


7ml 


12.37 


-574mV 


12.12 


-535mV 


8ml 


12.41 


-534mV 


12.18 


-515mV 


9ml 


12.47 


-518mV 


12.24 


■444mV 


10ml 


12.50 


-495mV 


12.28 


-384mV 


20ml 


12.72 


-485mV 


12.49 


-485mV 


30ml 


12.83 


-465mV 


12.64 


-465mV 


40ml 


12.92 


-431 mV 


12.72 


-431 mV 


50ml 


13.00 


-415mV 


12.77 


-415mV 


60ml 


13.05 


-380mV 


12.82 


-380mV 


70ml 


13.08 


-350mV 


12.87 


-350mV 


80ml 


13.10 


-342mV 


12.91 


-342mV 


90ml 


13.13 


-320mV 


12.94 


-320mV 


100ml 


13.06 


-310mV 


13.96 


-310mV 


200ml 


13.24 


-290mV 


13.03 


-290mV 



30 Example 12 

In the same manner as in Example 1 1, a 1 N KOH solution in an amount of 1 to 200 ml was added to 200 ml of the 
reducing electrolyzed water which had changed its pH and ORP to 6.40 and 0 mV, respectively when allowed to stand 
still, and the changes of the pH and ORP were measured. The same experiments were repeated twice. The results are 
35 shown in Table 4. 



Table 4 



40 





Once 


Twice 


1N-KOH 


PH 


ORP 


PH 


ORP 


1ml 


11.00 


-260mV 


10.98 


-225mV 


2ml 


11.51 


-666mV 


11.46 


-630mV 


3ml — 


11.73 


»750mV 


11.71 


-670mV 


4ml 


11.88 


-755mV 


11.85 


-650mV 


5m! 


11.91 


-665mV 


11.95 


-636mV 


6m! 


12.00 


-600mV 


12.02 


-620mV 


7ml 


12.09 


-570mV 


12.08 


-565mV 


8ml 


12.16 


-530mV 


12.15 


-550mV 


9ml 


12.22 


-505mV 


12.21 


-490mV 


10ml 


12.28 


-488mV 


12.25 


-480mV 


20ml 


12.44 


-485mV 


12.48 


-485mV 
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FIG. I 



S J_ " 

s 

s — 

s 


. ... — s 

s 

s 






U 

jLa \ \ (\ \ s \' 





FIG. 2 
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1 5. A method for producing the reducing electrolyzed water according any one of claims 3 to 1 4, wherein the metal ions 
are sodium ions, potassium ions, calcium ions or magnesium ions. 

16. Reducing electrolyzed water obtained by electrolyzing water containing a reducing agent and metal ions, keeping 
5 the dissolved oxygen content in a trace amount and maintaining the oxidation-reduction potential at a low level. 

1 7. Reducing electrolyzed water which comes to have an oxidation-reduction potential of up to -200 mV when an aque- 
ous hydroxide solution is added. 

10 18. Potable water comprising the reducing electrolyzed water according to any one of claims 1 , 2, 16 and 17 as the 
principal component thereof. 

1 9. An agricultural fertilizer comprising the reducing electrolyzed water according to any one of claims 1 , 2, 1 6 and 1 7 
as the principal component thereof. 

is 

20. An injection comprising the reducing electrolyzed water according to any one of claims 1, 2, 16 and 17. 

21. A drip solution comprising the reducing electrolyzed water according to any one of claims 1, 2, 16 and 17. 

20 22. A dialysis solution comprising the reducing electrolyzed water according to any one of claims 1 , 2, 16 and 1 7. 
23. Face lotion comprising the reducing electrolyzed water according to any one of claims 1 , 2, 1 6 and 1 7. 
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